This paper develops a real options model of export with imperfect exchange rate pass-through to investigate the relationship between exchange rate movements and dumping activity. It is found that exchange rate level as well as its trend and volatility has an asymmetric effect on dumping occurrence, which depends on the long-run level of exchange rate. Specifically, when the value of an importing country's currency is low, its appreciation or expected appreciation will cause the dumping activity to rise, whereas when the value of the currency is high, this relationship might be reversed. Similarly, while the magnitude of exchange rate pass-through and dumping occurrence are positively related when the value of an importing country's currency is high enough, whereas their relationship might become negative when the value of the currency is low enough. Furthermore, the exchange rate volatility and dumping occurrence will be positively related only if the value of an importing country's currency is extremely low or extremely high. Industry-level data on anti-dumping filings of the United States covering the period 1980-2006 are used to test the validity of our theoretical model. Our empirical results are generally consistent with the prediction of our theory.
I. Introduction
Antidumping (AD) policy recently has become a prevalent instrument around the world. According to World Trade Organization (WTO), there are 3,220 AD filings by its member countries between 1995 and 2008. Among those filing countries, India was the most active one and had 564 AD filings in total. The United States and European Union were also very active in adopting AD policy. They had 418 and 391
AD filings, respectively. 1 Dumping on the international market has been regarded as an unfair trade by some experts or government officials, and antidumping rules of the World Trade Organization (WTO) allows a protectionist response whenever a foreign product "like" to a domestic one is dumped on the domestic market and causes injurious impact on domestic producers. However, many economists argue that dumping behavior can be justified as a rational response of exports in many circumstances, 2 and anti-dumping measures have frequently been used as a protectionist policy for a country's declining industries.
One distinct feature of dumping activity is that it fluctuates considerably over time, which suggests that there are some economy-wide factors determining this activity. Some recent studies, hence, investigate the relationship between dumping occurrence and macroeconomic factors. Particularly, the impact of exchange rate movements on antidumping filings has been a focus of recent studies because of the sharp changes in exchanges rates of many countries. 3 However, theoretical studies in this regard are rather limited. 4 In addition, the empirical evidence about the effect of exchange rate on AD is still mixed. For instance, Feinberg (1989) , Niels and Francois (2006) find that an appreciation of importing country's currency deters the dumping activity while Stallings (1993) , Leidy (1997) , Knetter and Prusa (2003) , Irwin (2005) , Feinberg (2005) , Sadni Jallab et al. (2006) indicate that an appreciation of importing country's currency stimulate the dumping activity.
One of the limitations in most studies in the literature is that the impact of exchange rate pass-through is ignored. Exchange rate pass-through is closely related to the probability of dumping occurrence, since dumping occurrence is based on dumping margin as well as industry injury. The relationship between exchange rate pass-through and the probability of dumping occurrence is ambiguous in priori. For instance, a higher exchange rate pass-through refers to the situation when an appreciation (depreciation) in the currency of an importing country brings about a higher decrease (increase) in its import price. On the one hand, a higher exchange rate pass-through implies a lower dumping margin and thus diminishes the probability of 3 See Blonigen and Prusa (2003) for a comprehensive review of earlier theoretical and empirical work. 4 Recently, Moraga-Gonzalez and Viaene (2005) develop a simple model of vertical-industry trade to examine the incentives of oligopolistic exporting firms to undertake dumping. Besides, Aggarwal (2004) employs a panel data of 99 countries to examine how macro factors influence the use of antidumping in developed and developing countries. However, theoretical and empirical studies in this respect are still very limited, and existing empirical evidence is mixed.
dumping occurrence. On the other hand, the appreciation and its resultant higher decrease in the export price will cause a larger negative impact on the domestic firms in the importing country, thus raise the probability of dumping occurrence.
Many recent empirical studies illustrate that the exchange rate pass-through varies among countries and industries; see, for instance, Dornbusch (1987) , Froot and Klemperer (1989) , Menon (1995) , Yang (1997) , Gross and Schmitt (2000), Campa and Gonzalez Minguez (2006) , Campa and Goldberg (2005) , Pollard and Coughlin (2006) . Given the fact that AD filings have concentrated on a few industries, such as chemicals and steel industries, it is also interesting to examine whether or not it has something to do with the extent of exchange rate pass-through across industries.
Following Chen and Lin (2007) , this paper investigates the impact of exchange rate movements on dumping occurrence both theoretically and empirically. We first extend the real options model of Dixit (1989) to analyze the probability of dumping occurrence under exchange rate uncertainty. In contrast to Chen and Lin (2007) , the impact of exchange rate pass-through is incorporated into the model. The numbers of antidumping filing from 1980 to 2006 in the United States by industry are then used to test the validity of our theoretical results. We find that the effects of exchange rate level, its trend, and its volatility on dumping occurrence seem to be asymmetric, depending on the long-run level of exchange rate. The empirical evidence is consistent with the theoretical prediction.
The remainder of this paper proceeds as follows. Section 2 extends the real options model of Dixit (1989) to the setting of imperfect competition with incomplete exchange rate pass-through. Section 3 presents our comparative static analysis of the model. Based on the theoretical framework, an empirical model is developed and our estimation method is discussed in Section 4. Section 5 presents empirical results, and the final section concludes.
Theoretical Model
In order to investigate how the extent of exchange rate pass-through affects the identification of dumping behavior, this paper incorporate incomplete exchange rate pass-through into the real option model of Dixit (1989) . Assume that that a domestic firm exports to a foreign market with profits in each period, π, as follows：
where p f is foreign price in terms of foreign currency and q f is quantity sold in the market; c represents a constant marginal cost；R is exchange rate expressed as units of domestic currency per unit of foreign currency; F denotes fixed costs incurred each period.
We assume that exchange rate follows a stochastic process of exogenously geometric Brownian motion:
5 The subscript t is omitted for simplicity.
where μ is the growth rate of exchange rate and σ is its standard deviation, t denotes time, and z is a Wiener process.
To maximize the firm's profits from its export, its optimal export price p x (in terms of the currency of the exporter's home country) can be shown as follows:
where φ is the absolute value of the price elasticity of export demand. It is clear from Eq. (3) that the optimal export price depends on marginal cost as well as the price elasticity of export demand.
Let mkp denote the markup of export price over marginal cost, and thus
According to Dornbusch (1987) and Campa and Goldberg (2005) , a change in exchange rate might affect a firm's price competitiveness in a foreign market and thus influence its optimal price level. Therefore, mkp is assumed to be determined by exchange rate level and some industrial characteristics, and hence it can be written as
where Χ denotes industrial characteristics that influence mkp , η is the elasticity of export price with respect to exchange rate. Dornbusch (1987) illustrates that the elasticity of export price with respect to exchange rate is dependent on the characteristics of the export products or markets, such as product differentiation, market structure and cost conditions.
Since a profit-maximizing firm will not set its price below marginal cost, hence we assume that 1 mkp ≥ . Consequently, the export price in terms of foreign currency
can be written as follows:
where c Ω = Χ ⋅ and ( 1 ) ε η = + is the elasticity of import price with respect to exchange rate. The definition of exchange rate pass-through is the percentage changes of import price over the percentage changes of exchange rate, and thus ε denotes the magnitude of exchange rate pass-through. The extent of exchange rate pass-through is classified into three possible cases in this paper: When 1 ε = it is referred to as the case of full pass-through, when 0 ε = it is referred to as the case of null pass-through, and when 0 1 ε < < it is referred to as the case of partial pass-through.
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The profit function of the firm can now been written as follows:
If the firm faces an uncertain exchange rate, it has to determine if it will keep on exporting each period. In other words, the firm faces a dynamic programming program as follows:
where V is the optimal expected value of the firm, K denotes the costs the firm incurs when it decides to exit the Foreign market, 7 R′ represents the exchange rate level in the next period, ρ is subjective discount rate of the firm, t Δ is time interval. The first term in the parenthesis on the right hand side, ( K − ), represents the expected value of the firm if it exits from foreign market; the second term, (( π
, denotes the expected value of the firm if it decides to keep on exporting to the foreign market. 6 We rule out the case when ε > 1. 7 If K < 0, it implies that there remain certain residual values when the firm exits the export market.
Since an appreciation of foreign currency will increase the firm's profits from the Foreign market, according to Dixit and Pindyck (1994) , there is an exchange rate threshold E R * such that, when E R R * < , the expected value of the firm will be larger if it chooses to exit the Foreign market. Hence, the firm's optimal decision is to stop exporting. To simply the following analysis, we assume that the exporting firm has already faced capacity constraint so that its quantity of output is fixed. We further assume that the firm's capacity is 1. Using value-matching and smooth-pasting conditions, the value of E R * can be derived as follows: 
Comparative Statics Dumping probability
Dumping margin (DM) is defined as the difference between a firm's export price and the "normal value" of its product. If 0 DM > , it is determined that the firm is undertaking dumping activity. In addition, if it is found that the firm's dumping has caused material injury on the domestic firms producing the like product in the importing country, the firm might be charged an antidumping duty as high as the dumping margin. Given the fact that the United States frequently uses cost data to construct the normal value of an import product, the average cost of the exporting firm is used as a measure of the normal value in this paper. Therefore, based on our previous discussion, dumping margin of a firm can be written as:
If ε is smaller than 1, we obtain another exchange rate threshold
which implies that when D R R * < , the firm is undertaking dumping activity.
Note that if
E R R * < , then the firm will exit the market, and thus no dumping activity will occur. It suggests that dumping activity occurs
Since exchange rate R follows a geometric Brownian Motion process, the firm's dumping probability can be expressed as：
where ln ln
According to Equation (10), the probability of dumping will be influenced through two possible channels -namely, the threshold effect (TE) and distribution effect (DE). Here, TE is attributed to the changes in D R * or E R * whereas DE is attributed to the changes in the distribution of exchange rate. From Equation (10), it is clear that all variables considered in this paper might affect the probability of 9 In general, E R * is larger than D R * ; otherwise, a firm facing economic losses will choose to exit instead of dumping on the export market.
dumping occurrence through TE. However, among those variables, only σ and μ might affect the probability of dumping occurrence through DE as well. The relationship between several exchange rate variables and dumping probability will be examined respectively as follows.
Exchange rate volatility and dumping probability
The total effect of σ on dumping probability can be decomposed as follows:
whereas this effect is negative if
H D E L R R R R σ ω σω * * + ⋅ > > > + ⋅ , where ln R E R = , ln D D R R * * = , ln E E R R * * = , 2 2 1 2 ( 4 ) 0 H T T T ω σ σ = + + > , and 2 2 1 2 ( 4 ) 0 L T T T ω σ σ = − + < .
Proof. See Chen and Lin (2007).
Proposition 1 Exchange rate volatility, σ, is positively related to the probability of
Proof. If 0 1 ε < < , from Equations (8) and (10), the threshold effect of exchange rate volatility can be derived as follows: 
Further, since 
In addition, according to Lemma 1, the distribution effect of σ is also positive under these conditions. Hence, from Equation (11) we
The economic intuition behind this proposition is as follows. The exchange rate volatility influences the probability of dumping occurrence through its effect on the threshold of exit and the distribution of R simultaneously. The economic intuition of TE is that the exit is like a put option whose value increases if the underlying uncertainty increases. Hence, the exporting firm has more incentive to wait until it gets extra information from the market as the uncertainty rises. Therefore, the exiting threshold E R * will be lower as σ rises. In other words, the firm will keep exporting at 10 See Chen et al. (2006: 284)。 a very low exchange rate level if the exchange rate volatility is high enough, and thus the probability of dumping occurrence will be higher.
However, if the exchange rate pass-through is greater than zero, higher exchange rate volatility will depress the discounted present value of the exporting firm's profits and hence increase its probability to exit the market. While these two effects are opposite and their net effect might be ambiguous, our proof of this proposition indicates that the latter effect is smaller than former one so that the net effect of exchange rate volatility on the threshold effect is positive.
As for the distribution effect of σ, it is ambiguous, as shown in Lemma then the exchange rate volatility might increase the probability of dumping occurrence.
Consequently, the effect of exchange rate volatility on dumping seems to be asymmetric.
The logic behind the above result is as follows: An increase in exchange rate volatility will increase the probability of extreme values in the exchange rate to occur and lower the probability of the exchange rate to be around its mean as well.
Therefore, an increase in volatility will lower the probability of dumping occurrence when the interval of dumping occurrence is around the mean of the distribution of exchange rate, whereas it will increase the probability of dumping occurrence when the interval of dumping occurrence locates on either tail of the distribution of the exchange rate, which implies that it is far away from its mean.
Exchange rate trend and dumping probability
The total effect of μ on dumping probability can be decomposed as follows:
Proof. See Chen and Lin (2007).
Proposition 2 Exchange rate trend μ is positively related to the probability of
Proof. If 0 1 ε < < , it can be shown that the threshold effect of μ is positive: Similar to exchange rate volatility, exchange rate trend μ also affects the probability of dumping occurrence through two channels: threshold effect and distribution effect. As for the threshold effect, since μ represents the expected future exchange rate level, an increase in μ will increase the expected profit flows. Hence, it lowers the incentive of exiting the foreign market and lowers the exiting threshold, thus increasing the probability of dumping occurrence.
As regards the distribution effect, it is ambiguous as Lemma 2 shows. However,
> . Thus, the exchange rate trend might increase the probability of dumping occurrence if the thresholds are greater than the expected exchange rate level R . It is because an increase in μ raises the mean of exchange rate in addition to increasing the probability of the exchange rate level whose value is greater than its mean. Consequently, the relationship between exchange rate trend and the probability of dumping occurrence is positive if
Lemma 2 shows that the distribution effect of μ is negative if
indicates that an increase in μ might dampen the dumping activity when the expected exchange rate is high enough. Therefore, there also exists asymmetry in the effect of exchange rate trend on dumping activity. 
This proposition shows that an appreciation of foreign currency tends to increase the probability of dumping occurrence if the current exchange rate level is below the dumping region, but tends to lower it if the current exchange rate level is above the dumping region. Thus, there also exists asymmetry in the effect of exchange rate level on dumping activity. The rationale behind this proposition is similar as Proposition 2.
It is because an increase in lnR 0 also raises the mean of exchange rate.
Exchange rate pass-through and dumping probability Proposition 4 The relationship between exchange rate pass-through and dumping probability is ambiguous. If 1 R ≥ , and Hence, from Lemma 2, it can be shown that if
The economic intuition behind this proposition is as follows. Exchange rate pass-through affects dumping probability only via threshold effect. Without considering other factors in the Equation (4), 1 mkp ≥ implies that 1 R ≥ 13 . If 1 R ≥ , an increase in exchange rate pass-through (ε) will cause the pricing of the exporting firms less responsive to the exchange rate movements, thereby raising the dumping probability. However, given our assumption that the capacity is fully utilized so that the quantity is fixed, partial pass-through will cause a decrease in the profits of the exporting firm. As a result, the probability of exit of the firm will increase and hence reduce its dumping probability. In other words, an increase in exchange rate pass-through (ε) will cause both dumping threshold and exit threshold to rise. Since the rise in these two thresholds have opposing effects on dumping probability, the net effect will depend on relative magnitude of these two effects. exchange rate level is higher than dumping interval and the dumping threshold and exit threshold are not close, the dumping threshold will dominate exit threshold so that exchange rate pas-through are positively related, and vice versa.
Empirical model and methodology
From our theoretical framework, it is clear that the relationship between the exchange rate and dumping occurrence is not determinate, depending on the expected level of the exchange rate. In order to test the validity of Propositions 1 and 4, we will divide the level of exchange rate into three regions: high, medium, and low. Similarly, in order to test the validity of Propositions 2 and 3, the level of the exchange rates of the importing country is divided into two areas: one is a strong currency area (SCA), and the other is a weak currency area (WCA).
Based on our theoretical results, our empirical model is specified as follows: The definition of the independent variables in (13) and their expected signs (summarized in Table 1 ) are explained as follows:
of the U.S. from time t-2 to t-1, whose expected sign is indeterminate.
However, according to Proposition 3, the expected sing of this variable is negative in Strong Currency Area.
μ t , σ t : the trend and volatility of the real effective exchange rates, respectively. The expected signs of these variables are ambiguous, also depending on the level of exchange rates. According to Proposition 2, the expected sign of exchange rate trend is positive in WCA and ambiguous in SCA. Moreover, Proposition 1 predicts that the expected sign of exchange rate volatility is positive when the exchange rate level is high or low enough, otherwise, it is ambiguous.
To measure the trend and volatility of the real effective exchange rate, μ t and σ t are defined respectively as a modified average and a modified standard deviation of the monthly changes in the log of the real effect exchange rate over the past 24 months; that is: Since the number of filings is a non-negative count number, negative binomial (NB)
or Poisson regression are widely used under this circumstance. As shown in Table 2, 15 See Feinberg (2005: 613-614 Sadni Jallab et al. (2006 ), and Feinberg (1989 .
however, the variance of the dependent variable considerably exceeds its mean, which is not consistent with the assumption of Poisson regression, Hence, NB regression is used in our estimation. 18 In addition, given that industry-level panel data is employed in this paper, we adopt Negative Binomial Regression Random-Effect Model （NBREM）for estimation. among them, the other industry is excluded from our sample due to the difficult in collecting related data regarding this industry. The average annual cases per year are 2.89 (see Table 2 ). The distribution of AD filings among industries is illustrated in Table 3 The estimates of exchange rate pass-through for industries in the U.S. are shown in Table 4 . Previous studies on industry-level exchange rate pass-through are limited.
18 See Cameron and Trivedi (1998).. 19 See Blonigen (1997) , Aggarwal (2004 ), Feinberg (2005 , and Knetter and Prusa (2003) .
The estimates from two previous studies are used in this paper: Yang (1997) and Pollard and Coughlin (2006) . Yang (1997) employs monthly data over 1980-1991 to
The short-run estimates of exchange rate pass-through range from 8.97% to 62.13%
with an average 31.43%, while the long-run estimates of exchange rate pass-through range from 8.12% to 88.43% with an average 41.95%. Pollard and Coughlin (2006) estimate exchange rate pass-through for 29 manufacturing industries in the U.S. with quarterly data covering 1978-2000. Their results reveal that the values of exchange rate pass-through range from 17.2% to 58.6% with an average of 34.3%. Except for few industries, such as electronic and electric industry, there are no significant differences between the estimates from these two studies. Campa and Goldberg (2005) also obtain similar estimates of the exchange rate pass-through in the U.S.
The data sources are as follows: GDP is compiled from the database of
International Financial Statistics of the International Monetary Fund. Descriptive statistics of these variables are reported in Table 2 .
Empirical results
Our empirical results are presented in Table 5 . The first column in Table 5 is our benchmark model in which the estimation does not consider the asymmetric effects of exchange rate variables on the dumping occurrence. Columns 2-4 incorporate dummies variable into the empirical model to test the existence of asymmetric effects. In addition, different estimates of exchange rate pass-through are also used to check the robustness of our empirical results.
In our benchmark model, only the coefficient of σ is not statistically significant.
The positive sign of the coefficient of REER and μ implies that an appreciation the U.S. currency or an expected appreciation in the U.S. currency tends to stimulate dumping activity, which is consistent with most previous studies. In addition, the positive sign of the coefficient of PT suggests that the higher the exchange rate pass-through in an industry is, the more likely the dumping occurs in that industry.
The estimation in Column 2 tries to identify the asymmetric effects of exchange rate variables. The interactive term of exchange rate and D 1 , REER D 1 , has a negative coefficient which is significant at 10% level. It implies that, compared with the weak currency area, the appreciation of the importing country is less likely to stimulate the dumping activities within the strong currency area. In contrast, the coefficient of REER is significantly positive, and the total effect is also positive Regarding the exchange rate trend, while the coefficient of μ is positive and significant at 1% level, the coefficient of μ D 1 is negative but not statistically significant. This result provides weak support for the asymmetric effect demonstrated in Proposition 2. In other words, an expected appreciation of an importing country's currency will stimulate the dumping filings if the exchange rate level is low enough, while it might deter the dumping activities if its level is high enough.
As for exchange rate volatility, while the coefficient of σ is insignificantly negative, the coefficient of σ D 2 is positive and significant at 1% level. These results suggest that when level of exchange rate is unusually high or unusually low, an increase in exchange rate uncertainty tends to stimulate dumping activity, which is also consistent with our theory.
Regarding the effects of exchange rate pass-through, while the coefficient of PT is significantly positive at 1% level, the coefficient of PT D 3 is significantly negative at 5% level. These results suggest that exchange rate pass-through and dumping occurrence are positively related within strong currency area and negatively related within weak currency area, which are also consistent with the prediction of our theoretical model. Specifically, it is shown in this paper that when the value of an importing country's currency is low, its appreciation or expected appreciation will cause the dumping activity to rise, whereas when the value of the currency is high, this relationship might be reversed. These findings could shed light on the mixed results regarding the relationship between exchange rates and AD filings in previous empirical studies.
Similarly, the magnitude of exchange rate pass-through and dumping occurrence is positively related when the value of an importing country's currency is high enough, whereas their relationship might become negative when the value of the currency is low enough. Furthermore, the exchange rate volatility and dumping occurrence will be positively related only if the value of an importing country's currency is extremely low or extremely high. These results suggest that it is essential to take into account the asymmetric effects when investigating the relationship between exchange rate movements and AD activity. 
Figure 1 exchange rate thresholds： RH and RL (1978) (1979) (1980) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) 93.93 80.09 106.61 8.14 Average real GDP growth rate (%) 3.12 -1.08 5.45 1.25
Table3 The cases of AD filings by industry in the U.S. Industry 1980 Industry -1984 Industry 1985 Industry -1989 Industry 1990 Industry -1994 Industry 1995 Industry -1999 Industry 2000 
